Even though Croatia is among the most active EU countries when it comes to tackling undeclared economic activities, not much is known about the effectiveness of numerous policy measures introduced since joining the EU.
Introduction
Croatia is one of the most active EU member states regarding the endeavors of the authorities to combat hidden economic activities (Baric & Williams, 2013; Franic & Williams, 2014; Ministry of Labour and Pension System, 2014) . Introduction of fiscal cash registers, the reform of the tax system, the restructuring of the State Inspectorate, the introduction of vouchers in agriculture, and the statesupported professional training for inexperienced workers are just some of the numerous direct and indirect policies aimed at reducing non-compliance (Franic & Williams, 2014 ).
Yet, to evaluate the effectiveness of such measures one needs to have an insight into the extent and dynamics of the activities tackled. However, there is no systematic and transparent approach toward the quantification of the phenomenon in Croatia. Sporadic studies on this matter date back to the pre-recession period, with their results being hardly comparable due to substantial differences in the scope of the analyzed activities (see Klarić, 2011; Lovrinčević, Mikulić, & Nagyszombaty, 2011; Madžarević & Mikulić, 1997; Nastav & Bojnec, 2007) .
The interest in this topic has further diminished during the last decade, so no available longitudinal country-level assessment of this practice exists for the post-1 It should be mentioned that Croatia is regularly included in the MIMIC-based studies by Friedrich Schneider, who provides estimates for a range of countries (see Schneider, 2013 Schneider, , 2016b Schneider, Buehn, & Montenegro, 2010) . However, simultaneous analysis of multiple countries requires a hardly plausible assumption about identical causes and nature of the phenomenon in all scrutinized economies. Indeed, numerous studies have shown that every country is unique when it comes to the set of factors underlying taxpayers' behavior, as well as regarding the effect of each individual determinant (Chen, 2005; Maloney, 2004; Torgler, 2011) .
2 Undeclared economy thus represents a specific subpart of the non-observed economy, which refers to all productive activities that are not captured in the basic data sources used for compiling national accounts (OECD, 2002) .
survival strategies of immigrants in Ghana (Hart, 1973) , was later adopted and popularized by the International Labour Organization (ILO) (ILO, 1972 (ILO, , 1993 (ILO, , 1999 . Defined as a set of "activities of the working poor who were working very hard but who were not recognized, recorded, protected or regulated by the public authorities" (ILO, 2002, p. 1) , this phenomenon was believed to be only a shortterm disturbance inherent for developing countries. During this initial phase of research, the informal sector was therefore assumed to be a completely separate realm, which embraces solely individuals struggling to find a regular job (Hart, 1973; Sethuraman, 1976; Tokman, 1978) .
However, it soon became obvious that such theories are far from reality. Alongside an increasing trend of deliberate tax evasion in developed countries, the studies conducted during the 1980s also revealed that the two parts of the economy (i.e. the official and the undeclared one) actually overlap to a substantial extent (Castells & Portes, 1989; de Soto, 1989; Rakowski, 1994) . Besides enhanced globalization and restrictive labor regulation, severe economic crisis in the late 1970s gave an additional boost to the development of unreported activities around the world. These novel insights motivated academics and experts to start seeking efficient strategies for tackling this detrimental economic and social phenomenon (Carr & Chen, 2001; Davis, 2006) .
Another turning point in this respect was the fall of socialist regimes across Europe. A substantial part of the population in these countries lost their job during the initial phase of transformation, thus being forced to rely on small- scale unreported activities (both legal and illegal) so as to survive (Hazans, 2005; Johnson, Kaufmann, & Shleifer, 1997; Sedlenieks, 2003) . This was accompanied by severe expansion of many other illegitimate practices, with corruption and string-pulling being the most prominent among them (Round, Williams, & Rodgers, 2008; Sedlenieks, 2003; Woolfson, 2007 ).
Yet, after the onset of the global economic crisis in 2008, a particular emphasis was given to those hidden economic activities that are inherently legal and whose existence causes direct loses to the public budgets (Abdixhiku, Krasniqi, Pugh, & Hashi, 2017; Hudson, Williams, Orviska, & Nadin, 2012; Krasniqi & Williams, 2017) . In line with this, a range of international institutions have put the issue of the undeclared economy high on their agendas (Andrews, Caldera Sánchez, & Johansson, 2011; Eurofound, 2013; European Commission, 2016a) . Apart from financing research on the key drivers of the phenomenon, these institutions have also been intensively involved in developing strategies for reducing its magnitude (see Eurofound, 2008 Eurofound, , 2013 European Commission, 2014 , 2016b .
However, in order to evaluate whether a certain policy measure is efficient or not, it is essential to have a robust tool for monitoring the dynamics of undeclared activities over time. Yet, their quantification represents one of the most problematic tasks of the economic science. The next section provides a brief summary of the most popular estimation approaches, with particular emphasis regarding their advantages and limitations.
Quantifying Non-Observed Economic Activities: An Overview of Available Methods
According to the underlying approach, the existing strategies for estimating concealed economic activities can be roughly divided into three groups: direct methods, indirect methods, and model-based techniques (Klarić, 2011; Schneider & Buehn, 2016 are projected to the whole population (European Commission, 2014; Lazar, Moldovan, & Pavel, 2008) . This can be done either by conducting questionnaire surveys or by performing audits on tax returns. Unlike most indirect methods, this approach enables the quantification of any predetermined set of unreported activities, thus being suitable for analyzing the undeclared economy as a specific sphere inside the non-observed economy (European Commission, 2014).
However, direct methods are not of particular use for tracking the dynamics of hidden activities. For instance, differences between two waves of a questionnaire survey are to a greater extent the result of different sampling, and only partially an indicator of real changes within the population (Elgin & Öztunali, 2012; Schneider & Buehn, 2016) . Also, survey respondents have a clear motivation to
give faulty answers due to the illicit character of the practice (ILO, 2013) . On the other hand, audits commonly encompass only those subjects that submitted tax returns, which leaves individuals and companies hiding all activities excluded from the analysis (Schneider & Buehn, 2016) . Direct methods hence can only
give a lower boundary of the real state of affairs.
A further disadvantage of the direct approach can be found in a rather high implementation cost (Elgin & Öztunali, 2012; ILO, 2013) , which fostered scholars to develop cheap and efficient indirect techniques. Such methods are based on analyzing the trace that non-observed economic activities leave in the official statistics (European Commission, 2009; OECD, 2002) . This is most commonly done by evaluating the dynamics of a smaller set (usually only one) of economic indicators.
The labor force participation approach, for instance, examines variations in the level of economic activity within a certain population, whereby every decrease in the activity rate compared to the baseline period (year or quarter) 3 is attributed to the rise of unreported activities (Švec, 2009) . Similarly, the currency demand approach is grounded on the assumption that any increase in demand for cash can be wholly attributable to the amplified activities within the non-observed part of the economy (Cagan, 1958; Pedersen, 2003) . This method thus requires calculation of the cash-to-deposit ratio for the baseline period, which is then compared with subsequent periods so as to assess the magnitude of hidden activities (Tanzi, 1980) .
The transaction approach, on the other hand, assumes there is a constant ratio of the volume of monetary transactions and the actual level of economic activity (Feige, 1989) . Any increase in this ratio (compared to the baseline period) is hence believed to be a result of non-observed activities. Finally, the electricity consumption method assumes perfect elasticity between the consumption of electricity and official GDP (Kaufmann & Kaliberda, 1996; Lacko, 1999) .
Growth of this ratio is thus also ascribed to non-observed activities and vice versa.
Despite their simplicity and low implementation cost, the enumerated indirect methods have limited practical value. First and foremost, they are not applicable for estimating the undeclared economy as this approach gives only summarized information about all non-observed activities (Feld & Larsen, 2005; OECD, 2002) . In addition, due to overly simplified assumptions, which are unlikely to hold true in reality, such methods generally overstate the actual magnitude of the non-observed economy (OECD, 2002; Schneider & Buehn, 2016) .
A more reliable indirect approach is based on analyzing the inconsistency between two different sources of information, whereby one of them is taken as credible and another is assumed to be flawed due to the existence of unreported activities.
Most popular such methods are the evaluation of the discrepancy between national expenditure and income statistics and the evaluation of discrepancy between the survey on labor force participation and official employment data (European Commission, 2009 Istituto nazionale di statistica, 1993 ).
The latter approach, which is known as the labor input method, follows the assumption that the respondents of the labor force survey have no reason to Unlike other indirect strategies, the labor input method assesses solely the undeclared economy (as defined earlier), which makes it one of the most reliable approaches for quantifying this specific group of activities (OECD, 2002) .
Indeed, the first official estimates of the added value resulting from the undeclared economy in the EU, published by the European Commission in 2017, are based on the labor input method (European Commission, 2017) . The results of this study will be a starting point for our analysis, as explained below.
In this paper we follow the third estimation philosophy, i.e. the one residing on statistical modeling. The so-called MIMIC technique strives to assess the magnitude of the undeclared economy by extracting information from dynamics and interdependence of its multiple indicators and multiple causes (Barbosa, Pereira, & Brandão, 2013; Dell'Anno, 2007; Schneider & Buehn, 2016) 4 . The set of indicators and causes is determined from the existing research within the population of interest. Unlike indirect methods, which are commonly based on a single (predetermined) indicator or cause, MIMIC methodology thus provides a flexible interface for the development of a country-specific approach. Exactly this will be done for the case of Croatia. The next section therefore gives a detailed specification of the MIMIC method and explains the list of variables and procedures applied to assess the scope of the undeclared economy in Croatia.
Data and Methodology

MIMIC Models and Their Application to the Case of the Undeclared Economy
Being a specific subtype of structural equation models, the MIMIC technique can be best described as a combination of linear regression and factor analysis (Dell'Anno, 2003; Ruge, 2010; Schneider, 2012) . In addition to determining the level of association between measured variables, this approach is also highly useful if one wants to determine the characteristics of latent variables. Graphic illustration of a general MIMIC model with q determinants and p indicators is given in Figure 1 . equations: and ς is the error of the latent variable. Each error is assumed to be normally distributed (with the expected value 0) and independent of determinants of the variable it is assigned to.
Substituting the latent variable in equations (1)-(p) with the expression from (0) gives:
The system (1')-(p') now contains manifested variables only, which enables straightforward estimation of parameters. This is done by minimizing the difference between empirical covariance matrix and the covariance matrix implied by the model. The elements of the latter matrix are easily obtained taking into account the causal relationships between variables, as defined by the model. can be calculated as:
Due to the assumed mutual independence of determinants, as well as the independence of each random error with other errors in the model and determinants, this expression is reduced to 5 :
where σ j 2 designates the variance of a random variable ε j , ξ 2 is a variance of the latent variable error, while λ j and γ i represent model parameters.
The same procedure gives covariance between determinants and indicators, as well as covariance between two indicators. For instance, covariance between determinant X i and indicator Y j is:
On the other hand, covariance between indicators Y j and Y k ( j ≠ k) is equal to:
The assumed equivalence of variances and covariances obtained this way with their empirical counterparts gives a set of ( 2 1 ) 2 p p q + + equations 6 . The problem is thus reduced to finding model parameters which minimize the total discrepancy between left-hand and right-hand sides of these equations. Maximum likelihood procedure is the most common approach for doing so, but alternative strategies are also available in cases when input variables are not normally distributed. It is important to realize that MIMIC modeling is confirmative in its nature, given that the post-estimation starts from the hypothesis that the model sufficiently approximates data. The model is deemed inappropriate only if there is enough evidence to reject the null-hypothesis. The failure to discard it therefore does not mean that the model is satisfactory, nor that there is no better model (Kline, 2011; Raykov & Marcoulides, 2006) . Indeed, it is common to have a whole set of models that equally well describe the relationship between the observed variables. For this reason, the most common approach is to define several models and to choose the best one after comparing the accompanying statistical indices (Raykov & Marcoulides, 2006) . Exactly this strategy will be applied here, as discussed later. Before that, it is important to describe and justify the choice of input variables.
6 The total number of elements in both matrices is
2 p q p q + + -. However, due to assumed mutual independence of determinants, the total of ( 1) 2+ elements are excluded from the system. 7 For the exact definition and explanation of these statistics, see Kline (2011) . 
List of Input Variables
Recent research studies on undeclared activities in Croatia identified a weak psychological contract between the state and citizens as the essential driver of non-compliance, alongside tax burden and unemployment (Baric & Williams, 2013; Franic & Williams, 2014; . Accordingly, variables quantifying the trustworthiness of the authorities and the perception of citizens in this respect were of particular interest when developing our model. However, the choice of input variables was strongly influenced by sensitivity of the MIMIC method to sample size. A short range of available macroeconomic data, which is the result of Croatia gaining its independence quite recently, is additionally restricted due to frequent changes in the measurement methodology.
Since for the majority of plausible determinants comparable time series are limited to the period after 2004, the analysis of quarterly data was the only feasible option. Yet, this significantly reduced the potential set of input variables, as most macroeconomic data in Croatia are given on an annual basis only.
Despite limited availability of quarterly data, three variables that can help in conceptualizing the invisible contract between the state and taxpayers were identified. The first and the most straightforward one is the average rating of the government, which was taken from the CRO Demoskop survey 8 . It is expected that the greater confidence in the work of the government will result in a reduction of undeclared activities, and therefore we anticipate a negative sign of the estimated coefficient.
Another important variable in this respect is the one measuring direct expenditure from the public budgets (both local and central) for employees (CNB, 2018b envisaged, given that an increase in expenditure for public sector employees is expected to reduce citizens' willingness to finance the system. Social welfare expenditure is yet another potential driver of non-compliant behavior in Croatia, as it also has a lot to do with the invisible contract between the state and citizens (CNB, 2018b) . Nevertheless, the effect of this variable is not easy to predict. On the one hand, increased income from the public budget improves the financial situation of the poor, therefore reducing their need to seek alternative sources of revenue (Krasniqi & Williams, 2017) . Also, more generous social policy creates an impression that the state takes care of the most vulnerable members of society, which may increase citizens' tax morale.
On the other hand, since entitlement for many social benefits is dependent on income, the recipients of such benefits often have a clear motivation to hide their earnings in order to maintain the privilege. Moreover, in countries with inefficient social protection, a significant portion of such funds ends up in the hands of individuals who do not really need them. This can provoke the revolt of compliant citizens who essentially finance the lifestyle of such deceivers.
In order to assess the demand side of the undeclared economy, the average monthly net wage is also included as a potential determinant (CNB, 2018b ). Yet, the sign of a causal relationship in this case is also hard to predict. On the one hand, an upsurge of the disposable income is expected to decrease one's reliance on cost-reducing strategies, whereby the payment of goods and services "under the table" is the most common of such strategies. However, in societies where significant distrust in authorities leads to undeclared work "out of defiance", an increase in disposable income actually means more resources that an individual can spend within the undeclared sphere of the economy. Since research studies suggest that the latter is the case in Croatia , we expect that larger average net wage will ultimately result in the increased volume of the undeclared economy.
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Finally, to account for the role of tax burden, the total revenue of the consolidated government from taxes and social contributions is also taken as one potential determinant (CNB, 2018b) . Also, the effect of unemployment is accounted for by including the total number of unemployed individuals in the register of the Croatian Employment Service (CES) (CES, 2018).
Gross domestic product and the amount of cash in circulation are most commonly used indicator variables in MIMIC estimates of the undeclared economy (Dell'Anno, 2003; Klarić, 2011; Tedds, 2004) . This paper makes no exception in this respect. For the purpose of our analysis, we use Eurostat data on quarterly GDP (Eurostat, 2018) , while the figures for cash in circulation are taken from the balance sheet of the Croatian National Bank (CNB) (CNB, 2018a).
The initial set of variables therefore consists of six determinants and two indicators. Before proceeding with the analysis, it was necessary to transform the data so as to achieve satisfactory statistical properties. First of all, monetary variables were deflated using the 2010 price index (Eurostat, 2018) and seasonal components were removed where needed 9 . The last step was to address the issue of stationarity, which was found in all input variables (see Appendix 2).
As the standard approach with differencing did not solve the problem, the most plausible solution was to model growth rates. For each of the eight input variables, quarterly growth rates were thus defined as:
In addition to fixing the non-stationarity issues, this transformation also resolved the question regarding the interpretation of the latent variable. Namely, as all input variables undergo the same set of adjusting procedures, it is clear that (Breusch, 2005b) . By defining the latent variable in terms of the growth rates, we therefore clearly indicate the exact role of the MIMIC modeling in the process.
Finally, and most importantly, this approach also enables us to circumvent the controversial calibration procedure 13 . In this paper we chose to set up the variance of the latent variable rather than one of the model parameters. The most logical and theoretically convenient option was to assume equal dynamics of the activities within both spheres of the economy (i.e. official and undeclared).
In other words, the variance of the growth rate of the undeclared economy is assumed to be equal to the variance of the growth rate of the official GDP.
Since the plausibility of this assumption cannot be verified in practice, it is vital to analyze its impact on final estimates. This will be done in the next section, added, which is therefore the quantity used as a starting point in our analysis.
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Findings
The results of the MIMIC analysis shown in Table 1 reveal that the initial model with six determinants and two indicators approximates the data quite well.
Alongside a rather low and insignificant value of χ 2 , all remaining indices also favor the model. However, only three out of six determinants are statistically significant. Since there is no reason to keep insignificant variables, it was necessary to re-specify the model. In the second step, six additional models were therefore constructed, whereby a single determinant is excluded from each of them. This was done because the omission of a single variable can have a substantial effect on all remaining coefficients, owing to their mutual interdependence, which was not accounted for in the model. As can be noticed from Table 1 , all six models pass the χ 2 test. However, only models 3 and 5 have all five determinants significant, so they were preferred over the remaining ones. Since both these models have similar diagnostics, the decision made was to retain model 3 due to a somewhat lower value of the χ 2 test statistic.
Before 
Robustness Check
To analyze the effect of the central assumption about equal variability within the two spheres of the economy, six additional models with the same determinants and indicators were constructed. In three models, larger variance of undeclared activities is assumed (1.25, 1.50, and 1.75 of the variance of the GDP growth rate, respectively), while the remaining three assumed lower variability at the same percentage shift. Figure 4 compares the results of the six supplementary models with those from the chosen one.
As can be seen, all seven models indicate a similar trend up to mid-2014, after which substantial discrepancy is noticeable. While models with assumed higher variability of the undeclared sphere point to the rise of its share after the third quarter of 2014, those assuming lower variability indicate a decline in this respect. The comparison of the results therefore implies lower reliability of the estimated values for the last three analyzed years. To further examine the robustness of the model, Figure 5 compares the results of our analysis with those of the standard approach with calibration. As can be seen, the results are identical in all three cases, thus implying that the final outcome is completely independent of the chosen strategy.
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To clarify the equivalence of these approaches, Table 2 compares the results of the MIMIC models for each of them. In all three cases the coefficients assigned to the determinants and indicators are significant with identical p-values. The only difference appears in the absolute values of these coefficients, even though their mutual ratio is equal (see columns 5 and 6 in the table). This is because constraining the coefficient next to one of the indicators will result in contraction (or expansion) of the latent variable for the ratio of the "actual value" and the constrained value of a coefficient pertaining to that particular indicator. This will cause a reverse proportional change in the coefficients assigned to the causal variables. An additional contribution of this study can be found in every single step of the analysis being described and justified in detail, which will enable other researchers and experts in Croatia to straightforwardly replicate the study. It is therefore hoped that this paper will lay the foundations for systematic monitoring of the phenomenon in the newest EU member state. Yet, researchers from elsewhere will find the presented technical account of the applied methodology highly beneficial as well, since it can be easily adapted to other countries. In fact, if this paper stimulates further developments in this research field, then it will fulfill its broader aim. However, it should be stressed that in spite of all steps taken to increase the credibility of the estimates, there is still room for improvement. First of all, the resulting figures most likely understate the real extent of the phenomenon.
Alongside the limited capability of the labor input method to fully grasp certain types of undeclared activities (e.g. underreporting of employees' wages, sporadic work and income from undertakings related to hobbies), an additional problem lies in the unlikely assumption of their absolute absence from the public sector.
Given this, the figures provided here should be perceived only as the best available proxies for the undeclared economy in Croatia.
A further issue relates to a considerable lack of quarterly data, which resulted in many potentially important determinants of this practice not being taken Finally, there is certainly a whole range of other factors simultaneously affecting both spheres of the economy. Unfortunately, the inclusion of a greater number of variables and links between them is not possible at the moment due to technical limitations of this statistical procedure. However, it is certain that continual progress in the field of statistics will make such analyses more credible in the future than they are now. Adjusted in line with the terminology used in this paper.
Source: Author's systematization. we can see that X q2 can be written as follows: Similarly, it is easy to see that X q3 can be expressed as: Replacing the value for X q2 from (A3-3) into (A3-4) gives: The same procedure applied to the variable X q4 gives: Replacing the values for X q2 , X q3 , and X q4 from (A3-3), (A3-5), and (A3-6) into (A3-1) gives: ( 1) Since X q1 is present in every single multiplicative factor on the left-hand side, the equation (A3-7) can be rewritten as: 
